ABSTRACT. Numerous studies have evaluated the association between Arg389Gly polymorphism in the β1 adrenergic receptor gene and heart failure risk. However, the specific association is still controversial. We performed a meta-analysis of all case-control studies that evaluated the association between Arg389Gly polymorphism and heart failure in humans. Studies were identified in the PubMed, Embase, and China National Knowledge Infrastructure databases. Two reviewers independently assessed the studies. Six case-control studies with a total of 1736 participants were included in the meta-analysis, including 882 cases with heart failure and 854 controls, and our results showed no association between the Arg389Gly polymorphism and heart failure [ArgArg vs GlyGly: odds ratio (OR) = 0.84, 95% confidence interval ( OR = 0.96,. No publication bias was found in the present study (all P values > 0.05). In conclusion, the β1 adrenergic receptor gene Arg389Gly polymorphism might not be associated with heart failure risk. Further large and well-designed studies are needed to confirm this conclusion.
INTRODUCTION
Heart failure is a clinical syndrome characterized by impaired contractile function of the heart, and represents the final pathway of a variety of diseases. In the last few years, heart failure has been the leading cause of morbidity and mortality worldwide (Bleumink et al., 2004) . It is estimated that by 2030, an additional 3 million people in the USA will have developed heart failure, a 25.0% increase in prevalence from 2010 (Heidenreich et al., 2011) . Despite much investigation, the causes are not yet fully understood. Although coronary heart disease and hypertension remain the major causes of heart failure, other underlying conditions include idiopathic dilated cardiomyopathy, valvular congenital heart disease, and diabetes mellitus. In addition, genetic factors also play impor tant roles in the pathogenesis of heart failure (Morita et al., 2005) .
Norepinephrine release is increased 5-to 10-fold in the failing heart and it causes ischemia, apoptosis, pathologic hypertrophy, and arrhythmias. Norepinephrine has higher affinity for β1-receptors than the other subtypes of adrenergic receptor such as β2-receptors. In spite of β1-receptor downregulation, most of the total adrenergic receptor occupancy is of the β1-subtype (Bristow et al., 2003) . β1-receptors are G protein-coupled receptors that trigger signaling via adenylate cyclase, cyclic adenosine monophosphate, and protein kinase A. This signaling pathway regulates the sarcoplasmic calcium concentration and increases cardiomyocyte contractility (Holthoff et al., 2012) . Evidence from both animal-and patient-based studies has indicated that the β1-receptors may play an important role in the development and clinical course of progressive cardiac dilatation and heart failure (Jahns et al., 1999; Nikolaev et al., 2007) .
The human β1 adrenergic receptor has 45 amino acids and is encoded by an intronless gene located on chromosome 10q24-26. A G→C exchange at 1165 base pairs (bp) in the β1 adrenergic receptor gene causes amino acid substitution of Gly by Arg at residue 389 (Gly389Arg). In vitro studies have shown that the β1-receptor Arg389 variant has enhanced G protein coupling with a 2-to 3-fold greater cyclic adenosine monophosphate and inotropic response to agonist stimulation, compared with the Gly389 allele (Mason et al., 1999) . Thus, it seems that the β1 adrenergic receptor gene Arg389Gly polymorphism could play a role in the pathogenesis of heart disease.
To date, many studies have been performed to evaluate the relationship between the Arg389Gly polymorphism in the β1 adrenergic receptor gene and heart failure risk. However, the results remain controversial, possibly owing to small sample sizes, low statistical power, and clinical heterogeneity (Ammar et al., 2012) . In the present study, we investigated whether the Arg389Gly polymorphism is associated with heart failure risk by performing a meta-analysis.
MATERIAL AND METHODS

Selection of studies
We conducted a literature search in PubMed, Embase, and China National Knowledge Infrastructure databases (including records entered up to June 2014) using the following key words: "heart failure", "β1 adrenergic receptor gene", "Arg389Gly", and "gene polymorphism". If sequential or multiple publications from the same data occurred, the publication that reported data from the largest or most recent study was included. No restriction was made on time-period, sample size, population, language, or type of report, but all studies had been conducted on human subjects.
Inclusion and exclusion criteria
The following criteria were used to include published studies: 1) case control studies; 2) studies assessing the association of Arg389Gly polymorphism in the β1 adrenergic receptor gene with heart failure risk; 3) providing sufficient information for estimating the odds ratio (OR) with its 95% confidence interval (95%CI); and 4) providing available data to acquire genotype frequency of Arg389Gly polymorphism. Major exclusion criteria were: 1) review, editorial, or comment; 2) no available genotype frequency; and 3) duplicated studies.
Data extraction
Two reviewers (S.T.M. and B.L.) independently performed data extraction and then checked the re sults together. The following information was extracted from the included studies: first au thor, year of publication, area, number of cases and controls, genotype frequencies in cases and controls, and evidence of Hardy-Weinberg equilibrium (HWE) in controls ( Table  1) . For conflicting evaluations, an agreement was reached following a discussion.
Statistical analysis
The Fisher exact test was used to assess the HWE with the significance set at P < 0.05. The association between the Arg389Gly polymorphism and heart failure was compared using the OR corresponding to a 95%CI. The pooled ORs were performed for a co-dominant model (ArgArg vs GlyGly, ArgArg vs ArgGly), a dominant model (GlyGly + ArgGly vs ArgArg), and a recessive model (ArgArg + ArgGly vs GlyGly). The Q-test and the I 2 test were performed to quantify the proportion of the total variation due to heterogeneity. I 2 ranges from 0 to 100%. A value of 0% indicates no observed heterogeneity, and larger values reflect increasing heterogeneity, with 25% regarded as low, 50% as moderate, and 75% as severe heterogene ity. When the effects were assumed to be homogeneous (P > 0.1, I
2 < 50%), the fixed-effects model; otherwise, the random-effects model was used. Subgroup analysis based on nationality was used to explore and to explain the diversity among the results of dif ferent studies. Sensitivity analysis was performed through random-effects model values compared with the fixed effect. Publication bias was investigated by Begg's funnel plot. All analyses were performed using STATA version 12.0 (Stata Corporation; College Station, TX, USA). All P values were 2-sided. To ensure the reliability and ac curacy of the results, two authors uploaded the data.
RESULTS
Characteristics of studies included
The search strategy retrieved 74 potentially relevant studies. Based on the inclusion criteria, only six case-control studies (Small et al., 2002; Covolo et al., 2004; Nonen et al., 2005; Yu et al., 2006; Biolo et al., 2008; Pereira et al., 2013) with full text were included in this meta-analysis and 68 studies were excluded. The flow chart of study selection is summarized in Figure 1 . These six case-control studies included a total of 882 heart failure cases and 854 healthy controls. All studies included were case-control studies, which evaluated the association between the Arg389Gly polymorphism in the β1 adrenergic receptor gene and susceptibility to heart failure. The year of publication of the included studies ranged from 2000 to 2014 2014. The source of controls was based on healthy populations. The genotype frequencies of the controls from six studies were in agreement with HWE. The study characteristics are presented in Table 1 .
Quantitative synthesis
The combined results of Arg389Gly polymorphism and heart failure risk are summarized in Figure 2 and Table 1 . Characteristics of the studies included for meta-analysis.
Figure 2. Forest plot of heart failure risk associated with β1 adrenergic receptor gene Arg389Gly polymorphism in overall population. The squares and horizontal lines correspond to the study-specific odds ratios (OR) and 95% confidence intervals (CI).
Four models suggested remarkable between-study heterogeneity. Thus, both the fixed-effects model and the random-effects model were used to calculate the pooled estimates. Meta-analysis results identified no significant association between Arg389Gly polymorphism and susceptibility to heart failure (ArgArg vs 
Publication bias and sensitivity analysis
Sensitivity analyses were conducted by altering the statistic models. No material alteration was detected, indicating that our results were statistically robust. Publication bias of the literature was assessed by Begg's funnel plot ( Figure 3 and Table 2 ).
The funnel plot was used to measure asymmetry. The results of the Begg's funnel plot test are shown in Table 2 . The results showed that there was no publication bias (all P values > 0.05).
Subgroup
Genetic OR = odds ratio; CI = confidence interval. Table 2 . Summary ORs and 95%CI of Arg389Gly polymorphism with heart failure risk. 
DISCUSSION
Heart failure is a complex pathophysiologic state in which delivery of blood and nutrients is inadequate for tissue requirements. Although the cause of most heart failure is well known, the disease has proven difficult to diagnose early and treat successfully, reflecting limited advances in our understanding of the molecular mechanisms underlying heart carcinogenesis and individual susceptibility to heart failure. As is known, genetic polymorphisms altering the level of protein expressed would be anticipated to have a substantial influence on disease activity (Tahara et al., 2009) . Recently, a variety of studies have focused on the association between the Arg389Gly polymorphism in the β1 adrenergic receptor gene and heart failure. However, the observed associations of these studies were inconclusive. The most likely reason for the inconsistencies among these studies is that they are single case-control studies with small sample sizes. To help resolve these conflicting results, we conducted this meta-analysis to combine the same kind of studies to increase the sample size and statistical power, and thereby achieve a more authentic result.
To the best of our knowledge, this is the first meta-analysis assessing the relationship between Arg389Gly polymorphism and the risk of heart failure. Our meta-analysis quantitatively assessed the association between Arg389Gly polymorphism and heart failure risk. The current meta-analysis included 882 heart failure patients and 854 controls, and explored the association between the Arg389Gly polymorphism of the β1 adrenergic receptor gene and heart failure risk. The results of the present meta-analysis revealed that the Arg389Gly gene polymorphism is not associated with increased or decreased risk of heart failure (ArgArg vs GlyGly: OR = 0.84, 95%CI 0.59-1.20; ArgArg vs ArgGly: OR = 0.95, 95%CI 0.78-1.16; dominant model: OR = 1.08, 95%CI 0.89-1.31; recessive model: OR = 0.96, 95%CI 0.69-1.35). Sensitivity analysis was performed by comparing the random-effects model values to the fixed-effects model values, and the result revealed that this meta-analysis was realistic and believable. There was no evidence of publication bias in this meta-analysis for Arg389Gly polymorphism (all P values > 0.05).
There are several potential explanations for the negative results above. Firstly, most of the studies in our meta-analysis included few cases and controls, leading to lack of power to detect common small effects in genetic association studies of multifactorial characteristics (Colhoun et al., 2003) . This problem might be resolved by increasing the sample sizes and collecting cases with strong genetic etiology or family history. Secondly, the negative effects may be partly attributable to the considerable heterogeneity between the studies included in the main analysis. Heterogeneity may result from the variations in genetic constitution and/or environmental traits across the populations, or differences in sample selection (e.g., age, gender, or diagnostic criteria), or the difference in the design of the studies. Finally, the potential influence of Arg389Gly polymorphism may be affected by gene-gene and geneenvironment interactions. In the future, polymorphisms within haplotypes combined with environmental interactions could be used as a risk stratification tool for heart failure rather than the individual polymorphism.
In conclusion, our meta-analysis indicates that Arg389Gly polymorphism in the β1 adrenergic receptor gene was not associated with risk of heart failure. Large-scale case-control and population-based association studies are warranted to validate the risk identified in the current meta-analysis and investigate the potential gene-gene and gene-environment interactions on heart failure risk.
